A real effort experiment is investigated in which supervisors have to rate the performance of individual workers who in turn receive a bonus payment based on these ratings. We compare a baseline treatment in which supervisors were not restricted in their rating behavior to a forced distribution system in which they had to assign differentiated grades. We find that productivity was significantly higher under a forced distribution by about 8%. But also in the absence of forced distribution, deliberate differentiation positively affected output in subsequent work periods.
Introduction
In most jobs an employee's true e¤orts are at best imprecisely captured by objective key …gures. Hence, organizations frequently use subjective appraisals to evaluate substantial parts of an employee's job performance. While this may strengthen the setting of incentives as more facets of job performance are evaluated, the opposite may be true when supervisors bias the evaluations according to personal preferences. 1 There is indeed strong evidence from numerous studies indicating that subjective performance ratings tend to be biased. First of all, it has often been stressed that supervisors are too "lenient"and reluctant to use the lower spectrum of possible performance ratings. Moreover, supervisors typically do not di¤erentiate enough between high and low performers such that ratings tend to be compressed relative to the distribution of the true performance outcomes.
2 As rating scales nearly always have an upper boundary, rater leniency often directly implies rating compression. While the existence of these biases has been con…rmed in previous studies, there is surprisingly little evidence on the performance consequences of biased performance appraisals when they are tied to compensation. Rynes et al. (2005) , for instance, stress that "although there is a voluminous psychological literature on performance evaluation, surprisingly little of this research examines the consequences of linking pay to evaluated performance in work settings"(p. 572). A simple economic logic suggests that both of the above mentioned biases should lead to weaker incentives. As high performance is not rewarded and low performance is not sanctioned adequately, employees should have lower incentives to exert e¤ort when they anticipate biased ratings. But on 1 For an overview see for instance Murphy and Cleveland (1995) , Arvey and Murphy (1998) or from an economics perspective Prendergast and Topel (1993) , Prendergast and Topel (1996) or Gibbs et al. (2003) .
2 These two biases are often referred to in the literature as the "leniency"and "centrality" bias. See for instance Landy and Farr (1980) , Murphy (1992) , Bretz et al. (1992) , Jawahar and Williams (1997) , Prendergast (1999) , or Moers (2005) .
the other hand, it may be argued that rating leniency can trigger positive reciprocity and rating compression reduces inequity among coworkers which both may lead to increased employee motivation. 3 To avoid potential negative consequences of rater biases, some …rms have adopted so-called "forced distribution"systems under which supervisors have to follow a predetermined distribution of ratings. At General Electric for example, the former CEO Jack Welch promoted what he called a "vitality curve" according to which each supervisor had to identify the top 20% and the bottom 10% of his team in each year. According to estimates, a quarter of the Fortune 500 companies (e.g. Cisco, Intel, Hewlett Packard, Microsoft etc.) link parts of individual bene…ts to a relative performance evaluation (Boyle (2001) ). However, the use of these systems is often very controversially discussed and in some …rms even led to lawsuits as employees claimed to have been treated unfairly. 4 A key reason for the lack of …eld evidence on the consequences of a forced distribution is that even when a …rm changes its system of performance appraisals there is typically no control group within the same …rm with an unaltered scheme which in turn makes it hard to identify the causal e¤ect of the modi…cation. Moreover, to measure the performance consequences an objective measure of individual performance is necessary. But such objective measures are typically not available when subjective assessments are used. 5 3 Many experimental studies have now con…rmed that higher wage payments indeed trigger positive reciprocity and in turn can lead to higher e¤orts. See, for instance, Fehr et al. (1993) , Fehr et al. (1997) , Hannan et al. (2002) or Charness (2004) . Evidence from …eld experiments is somewhat less pronounced. Recent studies …nd mostly moderate support for positive reciprocity. See for instance Gneezy and List (2006) , Cohn et al. (2009) , Kube et al. (2010) , Bellemare and Shearer (2009) and Hennig-Schmidt et al. (2010) . 4 See for instance "Performance Reviews: Many Need Improvement" in the New York Times (September 10, 2006) . 5 Typical examples of departments in which objective measures of performance are available are sales functions in which revenues of individual sales agents can be measured. But in these departments subjective assessments and in particular forced distributions are hardly ever used because the objective performance measures already lead to di¤erentiated ratings.
Hence, in this paper we investigate the performance consequences of a forced distribution system in a real e¤ort experiment. In each experimental group, one participant in the role of a supervisor has to evaluate the performance of three participants in the role of employees over several rounds. Participants have to work on a real-e¤ort task while the outcome of their work directly determines the supervisor's payo¤s. At the end of each round the supervisor learns the work outcome of each individual employee and is then asked to individually rate their performance on a …ve point scale. The employees receive a bonus payment based on this performance rating. We examine two experimental settings. In the baseline treatment supervisors are not restricted in their rating behavior. In a forced distribution treatment they have to give di¤erentiated ratings. We also investigate additional treatments in which a forced distribution system is either abolished or introduced after some rating experience with or without such a system.
Our key result is that worker productivity in our experiment is by about 8% higher under a forced distribution system. Moreover, we …nd that in the absence of a forced distribution system, supervisors who care more for the well-being of others tend to assign more lenient and therefore less di¤erenti-ated ratings. But weaker degrees of di¤erentiation lead to lower performance in subsequent rounds. If, for instance, an employee receives the best potential rating but does not have the highest work outcome in the group, his subsequent performance decreases. Interestingly, supervisors seem to learn the advantages of di¤erentiation as they assign less lenient and more di¤er-entiated ratings after the forced distribution has been abolished as compared to a setting in which it has never been used. But, on the other hand, the performance e¤ect of a forced distribution is strongly reduced when the participants have experienced the more "liberal" baseline setting before and, hence, have di¤erent reference standards and expectations.
While to the best of our knowledge there are no previous studies investigating the e¤ects of the introduction of a forced distribution on incentives, some recent …eld studies investigate the e¤ects of rating compression on future outcomes. Engellandt and Riphahn (2008) , Bol (2009) , Kampkötter and Sliwka (2010) and Ahn et al. (2008) give some indication that rating compression is associated with lower subsequent performance. Direct empirical evidence on the e¤ects of forced distributions is very scarce. Recently, Schleicher et al. (2009) have experimentally investigated rater's reaction to forced distribution and …nd that rating decisions are perceived as more di¢ cult and less fair under a forced distribution system than in a traditional setting. Scullen et al. (2005) conduct a simulation study and show that forced distribution can increase performance in the short run as low performers are driven out of the …rm. This e¤ect, however, becomes smaller over time. Neither study examines the incentive e¤ects of forced distributions.
The paper proceeds as follows. In the next section the experimental design and procedure are described. The experimental results are summarized in section 3. We …rst provide evidence on the performance di¤erence between our baseline treatment and the forced distribution condition. Then, we take a closer look at rating decisions within the baseline treatment and their relation to workers'performance as well as the connection between the supervisor's social preferences and rating behavior. Finally, we investigate the e¤ect of past experience in a di¤erent rating setting on both the supervisor's and the workers'behavior. We discuss and conclude our results in the last section.
Experimental Design
We conduct a real e¤ort laboratory study. The majority of the subjects has to work on a tedious task in the role of a "worker". Their individual performance is evaluated by other subjects who are assigned the role of a "supervisor". The experiment consists of several parts which are described in the following.
Ability Test
In an initial pre-round all subjects have to work on the real e¤ort task which is also used in the main part of the experiment, i.e. all have to repeatedly count the number "7" in blocks of randomly generated numbers. This pre-round is conducted to collect a measure for each subject's ability for the task and also to familiarize participants with the task (also those who are in the role of the supervisor). To make sure everybody has correctly understood the task, an "exercise block" is presented on the computer screen prior to the pre-round. Only after all subjects have correctly solved this block, the pre-round which lasts for 2.5 minutes is started. During the pre-round subjects'performance is measured by the number of 'points'they collect which is converted into Euro after the experiment. For each correct answer a subject receives two points, for each wrong answer it loses 0.5 points. At the end of the round, a piece-rate of 10 cents per point is paid to each participant's account. During the task subjects are also o¤ered the opportunity to use a "time-out" button which locks the screen for 20 seconds during which subjects cannot work on any blocks. Each time the time-out button is pushed the subject receives 8 cents. This time-out button is implemented to simulate potential opportunity costs of working. At the end of the pre-round each participant is informed about the total number of points achieved as well as the number of correct and false answers and the resulting payo¤. After the ability test, instructions for the …rst part of the experiment are distributed. Before this part of the experiment is started, participants have to answer several test questions on the screen to make sure that they have fully understood the procedure and the calculation of the payo¤s.
7 This …rst part of the experiment consists of eight periods each lasting for 2.5 minutes. Each participant is assigned to a group consisting of four participants. One participant in each group has the role of the "supervisor" and the other three participants are "workers". The group composition as well as the roles remain …xed throughout the experiment. The workers have to perform the same real e¤ort task as in the pre-round. They can again make use of a time-out button blocking the screen for 20 seconds for which they receive 25 cents on their private account. After each round, each worker learns his total number of points, the number of correct and false answers, and the number of time-outs chosen. Moreover, each worker is also informed about the number of points, and correct and false answers of all workers in his group. The supervisor also receives this individual performance information for each of the three workers in her group and then has to rate each worker on a rating scale of "1"to "5"with "1"being the best and "5"the worst rating available. Each rating is associated with a bonus payment for the worker (see table 1) ranging from 10 e for the highest rating "1"to 0 e for the worst rating of "5". The round payo¤ for the worker is the sum of his bonus payment and the payo¤ from pushing the time-out button. The payo¤ of the supervisor is solely determined by the output of the three workers in her group. For each point achieved by one of the three workers the supervisor receives 30 cents. At the end of the round, each worker is informed about his rating, the number of time-outs and his resulting payo¤. The worker does not learn about the other workers'ratings in his group. One round is randomly determined in each part of the experiment which is payo¤-relevant (for details see "Procedures").
Matching of Groups
To create a situation in which performance ratings are not straightforwardly due to ability di¤erences, we match participants into homogeneous groups. The matching procedure is based on the performance in the preround, i.e. all 32 subjects are individually ranked in each session based on their total number of points achieved in the pre-round. The four participants with the best ranking are assigned to a group, the four best individuals of the remaining participants to the next group etc. Within each group, the participant with the best performance is assigned the role of the supervisor. Participants are not informed about the matching procedure to avoid strategic considerations. Subjects only know they will be grouped with three other participants. At the end of the experiment, a few additional decision games are played to elicit subjects'social preferences. After these games all participants have to …ll out a questionnaire.
Treatments
We analyze two di¤erent settings: In the Baseline setting (Base) supervisors are not restricted in their rating behavior. In the Forced Distribution setting (Fds), however, supervisors have to give one worker a rating of "1" or "2", one worker a rating of "3" and another worker a "4" or "5". This restriction is explained to all participants in the treatment.
To also analyze the e¤ects of introducing or abolishing a forced distribution system in a within-subject design, we split the experiment into two parts each consisting of 8 consecutive rounds. The group matching as well as the assigned roles are kept constant across both parts. In our treatment BaseFds, for example, participants work in the baseline setting for 8 rounds (…rst part) which are followed by 8 rounds of the forced distribution setting (second part). To disentangle rating rule e¤ects from time and learning e¤ects we conduct two additional treatments in which the rating rule does not change across both parts of the experiment (BaseBase and FdsFds). Therefore, we conduct four treatments in total (see table 2). Table 2 : Overview Treatments
Procedures
After participants have arrived in the laboratory, they are seated in separated cabins where they receive the instructions for the pre-round of the experiment. Participants are advised that they are not allowed to communicate. In case of any question they have to raise their hand such that one of the experimenters will come and help. The experiment starts after all participants have read the instructions and all questions have been answered. After the pre-round, instructions for the …rst part of the experiment are distributed. Instructions for the second part only follow after the …rst part has been completed. 8 The instructions inform participants that only one of the eight rounds of each part of the experiment will be payo¤-relevant for all participants. At the end of each session a randomly selected subject is asked to twice draw one of 8 cards to determine which rounds will be paid out. The …nal payo¤ for each subject consists of the money earned during the experiment and a show-up fee of 4 e . The money is anonymously paid out in cash at the end of each session.
In total the experiment consists of 8 sessions with two sessions for each treatment condition. Thus, we have 64 subjects (16 independent groups) in each treatment with a total of 256 participants. It is ensured that no one has been involved in an experiment with the same real e¤ort task before. No subject participates in more than one session. On average a session lasts for 2.5 hours and the average payo¤ amounts to 27 e. The experiment is conducted at the Cologne Laboratory for Economic Research. All sessions are computerized using the experimental software z-Tree (Fischbacher (2007) ) and subjects are recruited with the online recruiting system ORSEE (Greiner (2004) ).
Results
In this section, we …rst give an overview of the performance e¤ect of the forced distribution system by comparing the treatments BaseBase and FdsFds. We then analyze the driving forces behind the observed di¤erences in more detail. Finally, we provide an overview of spillover e¤ects observed when varying the sequence of both settings in BaseFds and FdsBase.
Performance E¤ects of Forced Distribution
Figure 1 depicts the distribution of ratings in BaseBase and FdsFds. Evidently, supervisors tend to assign very good ratings, i.e. a "1" or "2" in the majority of cases in BaseBase (83%). Note that this pattern closely resembles the typical "leniency bias" often observed in organizational practice. Bretz et al. (1992) , for instance, describe this as follows: "Performance appraisal systems typically have …ve levels to di¤erentiate employee performance. However, even though most organizations report systems with …ve levels, generally only three levels are used. Both the desired and the actual distributions tend to be top heavy, with the top "Buckets" relatively full and the bottom buckets relatively empty. . . It is common for 60-70% of an organization's workforce to be rated in the top two performance levels. . . . Skewed performance distributions not only exist, but are common". As is the case in most real-world organizations, supervisors in the experiment do not have to bear the direct costs of higher bonus payments. In this situation they obviously have a tendency to assign high bonuses to their subordinates, a behavior limited by the forced distribution system. Nonetheless within the degrees of freedom left by the system the supervisors in our experiment still follow the lenient choices and strongly prefer the "1" over the "2" and the "4"over the "5" as shown in the right panel of …gure 1. But it is of course important to investigate the performance consequences of this behavior. A key hypothesis based on a simple economic reasoning is that the return to e¤ort should be lower in the baseline treatment as compared to the forced distribution treatment. Hence, participants in the role of employees should have lower incentives to exert high e¤ort levels. But on the other hand, one may argue that supervisors assign good grades on purpose hoping to trigger positive reciprocity on the workers' part and thereby increasing their motivation. As already laid out in the introduction, numerous gift-exchange experiments have now provided evidence for the fair wage e¤ort hypothesis by Akerlof and Yellen (1990) showing that higher wage payments indeed may lead to higher e¤orts. Figure 2 displays the distribution of outputs in both treatments. The …gure indicates that performance indeed seems to be higher under the forced distribution. Average group output amounts to 65.02 in BaseBase and to 71.38 in FdsFds. Our matching procedure is designed to generate groups of similar ability in both treatments. Thus, to give an accurate test without any distributional assumptions on whether the apparent performance di¤erence is statistically signi…cant we have to compare the groups across treatments according to their rank in the ability test. Hence, we pair the highest ranking group according to the ability test in BaseBase with the highest ranking group in FdsFds and then the second highest groups from both treatments and so on. We then counted in how many of these pairs the average group performance across all rounds is higher in the FdsFds treatment. As this is the case in 12 of the 16 pairs, the di¤erence is signi…cant (p = 0:038, one-sided Binomial test).
We further investigate this performance di¤erence by running randome¤ects regressions with the group output (sum of the points of all 3 workers) and alternatively the logarithm of group output in a period as the dependent variable. Due to the matching procedure we have to control for innate group ability measured by the group output from the initial pre-round. The results are reported in table 3. As model (1) indicates group output is about 5 points higher under forced distribution. Model (5) shows that this translates into an average productivity di¤erence of 8%. Models (2) and (3) show that this holds for both parts of the experiment. Model (4) adds an interaction term between the Fds dummy variable and group ability. The signi…cant negative coe¢ cient indicates that productivity enhancement is particularly high for groups with a low output in the pre-round. Taking a closer look at the evolution of work performance over time in Figure 3 , we see that performance di¤erences become larger in the second part of the experiment. Hence, participants seem to have learned over the course of the experiment that performance incentives are stronger under the forced distribution. 9 The increase in productivity under Fds is also re ‡ected by a considerable decrease in the use of the time-out button in the second part of the experiment. In only 8 out of 128 cases (6%) time-outs are observed during the second part of the experiment under a forced distribution while this is true for 48 out of 128 cases (38%) in the baseline setting.
correct and false answers (see table A1 in the appendix) we …nd that under forced distribution subjects count and solve more blocks correctly while making only slightly and insigni…cantly more mistakes.
Di¤erentiation and Productivity
But why do people work harder under the forced distribution? A key conjecture is that under the forced distribution supervisors di¤erentiate more according to individual performance which strengthens the incentives to exert e¤ort. We, therefore, analyze whether performance is rewarded di¤erently in the two treatments. In principle, supervisors can condition their grading behavior on two dimensions: they can reward absolute or relative performance. We naturally should expect that the relative rank plays a key role under the forced distribution. But even in the baseline treatment supervisors may condition their grading behavior on the employee's relative rank in the group. However, they may do so to a smaller extent as they are not forced to di¤erentiate. On the other hand, variations in absolute performance may a¤ect the grades in both treatments. To investigate this we run random effects regressions with the bonus received in a period as dependent and the absolute output and relative rank as independent variables. 11 To test for treatment di¤erences we include interaction terms with a dummy variable for the forced distribution treatment.
The results are reported in table 4. Note that the relative rank matters in both treatments but does so to a much larger extent under forced distribution. Interestingly, while within-rank variation in output is rewarded in both treatments, these rewards are stronger in the baseline treatment, i.e., for a given rank output and bonus are more strongly (positively) correlated in the baseline treatment. But, apparently, competing for ranks generates stronger incentives in the forced distribution treatment. Figure 4 shows the distribution of grades for the top, middle, and low performers. 13 In the forced distribution treatment 90% of the participants with the highest rank receive a 1 or a 2 and 89% with the lowest rank a 4 or a 5. In contrast, in the baseline treatment about 64% of the worst performers still receive a 1 or a 2. Hence, the gains from improving the rank are much weaker in the baseline treatment. Thus, it seems important to analyze whether these weaker bene…ts from improving one's relative position can indeed explain lower outputs in the baseline setting. We, therefore, investigate the impact of particular grades on individuals'subsequent performance in the baseline treatment.
literature on tournaments starting with Lazear and Rosen (1981) has shown, they can indeed be powerful incentive instruments. For experimental evidence on tournaments see for example Schotter and Weigelt (1992) , Orrison et al. (2004) or Harbring and Irlenbusch (2009) . 13 We de…ne top, middle and low performers according to the relative performance rank in the group in a given round. Table 5 reports results from a random e¤ects regression in the baseline treatment with individual output in t + 1 as the dependent variable and dummy variables for the grade assigned in period t as independent variables. The reference category corresponds to receiving the top grade "1". Analyzing the reaction of all workers in model (1) we …nd that obtaining the medium grade "3" instead of a "1" has a signi…cant positive e¤ect on output in the subsequent round. Model (2) and (3) disentangle the overall e¤ect according to the participants' rank. Model (2) only includes the observations of the top performers in each period, 14 model (3) only the observations of the other subjects, i.e., middle and low performers. Interestingly, top performers do not adjust their e¤ort after receiving a lower grade instead of the top grade. However, middle and low performers substantially increase their outputs when receiving a "2" or a "3" compared to receiving the top grade "1". 15 Thus, those who know that they attained the highest output are not motivated by getting lower ratings. In contrast, those who are not the best performers and yet receive the top grade reduce their e¤orts which supports the view that lenient and undi¤erentiated ratings indeed undermine performance incentives.
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These results suggest that supervisors will induce higher performance in subsequent rounds by using a larger span of grades. To test this we run random e¤ects regressions in BaseBase using the group output in period t + 1 as the dependent variable and dummy variables for each span of grades, i.e. the di¤erence between the worst and the best rating assigned by the supervisor, in round t as key independent variables. The results are reported in table 6. No di¤erentiation, i.e. cases in which each worker receives the same 14 Note that the model identi…es the e¤ects of grading by comparing situations in which a given person obtained the highest rank but received di¤erent grades.
15 Note that only a few top performers received a "3". Moreover, even to the middle and low performers "4" and "5" were rarely assigned.
16 This is in line with the experimental study by Abeler et al. (2010) who …nd that e¤orts are substantially lower in a multiagent gift exchange experiment when principals are forced to pay all agents the same wage. Robust standard errors in parentheses (clustered on group_id) *** p < 0.01, ** p < 0.05, * p < 0.1 Random e¤ects regression (period dummies included) 17 The results suggest that extending the range of applied ratings from 0 to 2, for instance, increases subsequent productivity on average by almost 3 points (4%) in the …rst part and more than 6 points (9%) in the second part.
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Additional evidence for positive e¤ects of deliberate di¤erentiation can be derived from our post-experimental questionnaire. As already mentioned above we ask subjects in the role of the supervisors about their rating behavior in both parts of the experiment. The items 19 "I assigned bad ratings to motivate the workers" and "I assigned bad ratings to sanction the workers" are both positively correlated with higher a group output in the second part of the experiment (signi…cant at the 10% and 5%-level). A regression analysis shows that this is still true after controlling for group ability (see regression table A2 in the Appendix). Moreover, these self reported measures of differentiation are highly correlated with actual di¤erentiation in the second part of the experiment (e.g. range of grades or standard deviation of grades) controlling for group output.
Social Preferences and Di¤erentiation
As has already been revealed by psychological studies there is some evidence that the personality of the supervisor matters for the evaluation behavior.
20
In the language of (behavioral) economics we should straightforwardly expect that the supervisor's social preferences such as inequity aversion, altruism, or surplus concerns a¤ect the way in which performance ratings are assigned.
To investigate this we elicit subjects' social preferences before …nal payo¤s 17 In 27% of all rounds in BaseBase the supervisor assigned all workers the best rating "1" and in 29% of all rounds she/he assigned the same rating to all three participants. 18 Note that an observed range of grades larger than 2 occured in only 30 out of 256 rating decisions in the baseline treatment.
19 For all items we used a 7-point scale running from 1 "does not apply at all" to 7 "fully applies". 20 See for instance Kane et al. (1995) or Bernardin et al. (2000) .
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Dependent Variable:
Group Output t+1
BaseBase (1) (1) Blanco et al. (2007) and modi…ed by Dannenberg et al. (2007) . This simple two-step procedure, for instance, allows the experimenter to measure subjects'preferences for equity in the well-known Fehr and Schmidt (1999) utility model, according to which the utility of a person i may not only depend on her own payo¤ x i but also on the di¤erence to the payo¤s of other individuals. In a two-person case it is given by
Hence, measures the degree to which an individual su¤ers from disadvantageous inequity ("envy") and the aversion to advantageous inequity ("compassion"). 21 But as has been stressed for instance by Charness and Rabin (2002) many individuals are also motivated by e¢ ciency concerns, i.e. they may strive for maximizing the total surplus of all individuals to some extent. As laid out by Blanco et al. (2007) (footnote 33 on p.33) the Fehr Schmidt utility function also captures surplus concerns: An extended utility function x i 0 max fx j x i ; 0g 0 max fx i x j ; 0g + (x i + x j ) which allows that the agent also cares for the total surplus can be transformed into a standard Fehr-Schmidt utility function in which higher surplus concerns ( ) simply lead to a weaker disutility from disadvantageous inequality and a stronger disutility from advantageous inequality. 22 We now expect that more "compassionate" supervisors (i.e. those with higher values of ) who care more for the well-being of the agents should assign more lenient ratings. As the rating scale is bounded, this should also lead to a weaker performanced-based di¤erentiation. On the other hand, supervisors with higher s are more "envious"(or less interested in the surplus 21 See table A3 for the speci…c procedure used in this experiment. 22 To be more speci…c, the function is equivalent to an a¢ ne transformation of x S 0 1+2 max fx j x i ; 0g 0 + 1+2 max fx i x j ; 0g. Hence, the experimental procedure directly yields estimates for = of the agents) and should be less lenient. Moreover, a supervisor with a high may dislike to pay an agent a bonus which is higher than her own earnings from this agent's e¤orts. In turn we might expect that high individuals choose ratings which are to a stronger extent performance-contingent. Table 7 depicts a regression analysis of di¤erent measures of leniency and rating di¤erentiation (average grade in model (1), the range of grades in (2), the standard deviation of grades in (3), the coe¢ cient of variation of grades in (4) and the probability that all receive the best grade "1" in (5) on our proxies for inequity aversion). In all of our speci…cations we control for the sum and standard deviation of outputs as observed by the supervisor. Furthermore, as we pool all our four treatments, we include treatment dummies and interact the inequity parameters with our treatment dummy variable Fds.
The results are well in line with the hypotheses and surprisingly robust. Supervisors with higher betas and lower alphas indeed give better grades, di¤erentiate less, and assign the best grade to all their agents with a higher probability. The interaction terms show that the e¤ects of social preferences disappear under the forced distribution. Hence, a forced distribution system indeed avoids biases due to di¤ering degrees of the supervisors' social preferences. We also test the relation between inequity aversion and the tendency to compress ratings non-parametrically in our baseline treatment. After dividing supervisors at the median of the beta distribution into two groups, we use the Mann-Whitney U-test to explore di¤erences in rating behavior. Even though we do not control for di¤erences in output, we have marginally significant results that the rating behavior is di¤erent across these two groups. 
Introducing or Abolishing a Forced Distribution?
In this last section we take a closer look at e¤ects of a within treatment variation in the rules of performance evaluation. As a …rst step we investigate the e¤ects of introducing a forced distribution in the second part of the experiment after the agents have experienced the baseline condition in the …rst part. Because we have to take learning e¤ects into account we compare the performance with the treatment in which the baseline setting is played in both parts (i.e. the second part of the BaseFds treatment with the second part of BaseBase).
Given the results of the between treatment comparison described above, we should expect an increase in performance after the forced distribution is introduced. However, a direct comparison reveals that on average across all periods of the second part the introduction of a forced distribution does not lead to a higher performance as shown by column (1) of table 8. However, a surprising pattern emerges when we compare the e¤ects per period as shown in column (2). While performance increases by about 5 points in period 9, the …rst period after the forced distribution has been introduced, and stays at this level in period 10, it drops to a level roughly 2-3 points below the baseline level in the last 6 periods. Hence, participants are apparently initially motivated to work harder under the forced distribution as they immediately seem to understand that they have to put in higher e¤orts. However, they quickly learn that it is much harder to attain good grades. But in contrast to a setting in which a forced distribution is present from the outset, the participants now have a di¤erent reference standard as they have already experienced more favorable ratings, which may cause their reduced motivation. This is in line with recent …eld studies by Ockenfels et al. (2010) and Clark et al. (2010) showing that the violation of reference points for bonus payments can have detrimental e¤ects on subsequent performance.
A di¤erent potential explanation for this observation would be that forced distribution leads to a di¤erent pattern of exhaustion in the second part of the experiment. To test this we compare the BaseFds treatment to the treatment in which the forced distribution has been used throughout the experiment. But as column (1) of table 9 shows, the forced distribution system in the second part performs worse after the baseline setting as compared to the situation in which agents work under a forced distribution right from the beginning. Hence, it is indeed the experience of the baseline setting with higher grades and bonuses which leads to a demotivational e¤ect of the forced distribution. The negative perception of this relative loss of payments apparently seems to counteract the positive forces of increased di¤erentiation.
We can also compare the performance of the baseline condition after the experience of a forced distribution to the treatment in which the baseline condition is kept over both parts of the experiment. The positive coe¢ cient of FdsBase in column (2) indicates that the performance di¤erence to the second part of BaseBase amounts to roughly 7% on average. Analogously to the above reasoning workers in FdsBase seem to be particularly motivated in the second part as they receive (on average) much better grades than under the previous rating scheme. Relative to the workers who have already received in ‡ated ratings over the …rst 8 rounds (BaseBase) the workers in FdsBase could, thus, feel more inclined to reciprocate this relative increase 27 in bonus payments. Yet, another factor driving this result is that supervisors keep up di¤erentiation even after forced distribution has been abolished. Indeed, we …nd some evidence that supervisors in FdsBase tend to di¤er-entiate more during the second part than their counterparts in BaseBase. Workers ranked 2 nd or 3 rd in a group are signi…cantly less likely to receive a "1" for a given output and more likely to receive a "4" or "5" in second part of FdsBase than in BaseBase (see table A4 ). Hence, the experience with a forced distribution apparently has helped to establish a norm of making performance-contingent ratings which indeed leads to a better performance. Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1 Random e¤ects regression (period dummies included) Additional evidence for these arguments comes from our post-experimental questionnaire. We pose participants who experience both settings in BaseFds and FdsBase a variety of questions separately for both parts of the exper-iment. Especially workers in BaseFds feel that their e¤ort pays more o¤ and that their well-being is more important to the supervisor during the baseline setting. They also state that the supervisor's behavior is more fair and that he is more capable of giving appropriate ratings in the absence of Fds.
24 The supervisors naturally also express some dissatisfaction towards the forced distribution as, for instance, they feel the rating decision to be more di¢ cult in the second part of BaseFds which is well in line with the …ndings by Schleicher et al. (2009) .
Conclusion
We study the impact of a forced distribution in a real e¤ort experiment in which performance is endogenously evaluated by participants. Our key result is that performance is by about 8% higher under the forced distribution in a between-subjects design. The reason for this substantial gain in performance is that many supervisors in the baseline setting seem to be too lenient in their rating decisions and, hence, performance incentives are too weak. But even within the baseline setting those supervisors who choose less lenient and more di¤erentiated ratings attain a higher performance. The forced distribution system creates stronger performance incentives across all supervisors. Moreover, we analyze potential e¤ects of the supervisor's social preferences on rating behavior. We …nd that a supervisor's social preferences have a substantial impact on her rating behavior in the baseline setting. More "compassionate" supervisors who care more for the well-being of the agents indeed assign more lenient ratings, and more "envious" supervisors do the opposite. These di¤erences vanish under a forced distribution.
But our results also indicate that it may be problematic to set up a forced distribution when employees have experienced a more "liberal"system of performance evaluations before. Most importantly, in our within-subjects design we …nd that the introduction of a forced distribution leads to a short-term performance increase which is followed by a rather sharp drop in performance. Apparently, while the participants initially understand that they need to work harder under a forced distribution they are soon demotivated as they cannot attain the good grades and high bonuses they have earned before. On the other hand, some experience with the forced distribution in the beginning demonstrates supervisors the bene…ts of di¤erentiation as they tend to di¤erentiate more and attain a higher performance even in the baseline setting as compared to supervisors without the experience of a forced distribution.
Our results have several interesting implications for the design of performance evaluation schemes in practice. First of all, forced distribution systems may indeed lead to performance increases as sometimes conjectured by practitioners. However, our results also show that "history matters", i.e. when changing the rules of performance evaluations, system designers have to take the employees'as well as supervisors'reference standards and expectations regarding appraisals and bonus payments into account. These have been shaped by their previous experience and the way in which appraisals have been assigned in the past. But these reference standards carry over to the new system and a¤ect the social, economic and psychological mechanisms at work in the appraisal process. Robust standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1 Random e¤ects regression (period dummies included) Items on a 7-point scale running from 1 "does not apply at all" to 7 "fully applies" Table A3 : Eliciting Fehr/Schmidt parameters for inequity aversion using an adjusted version of the experimental procedure developed by Dannenberg et al. 2007 . "#" indicates the unique switching point from pair I to pair II. This is the beginning of part one of the experiment. Please read the following instructions carefully. After having read the instructions you will …nd some test questions on your screen. The …rst part of the experiment is going to start as soon as all participants will have answered all the questions correctly.
Summary
The …rst part of the experiment consists of 8 rounds. Each round lasts two and a half minutes. In each round there are 4 participants per group. The group composition will be kept constant over the 8 rounds. No participant will ever learn about the identity of any other participant in the group.
In this part of the experiment there are supervisors and workers. Out of the 4 participants per group one has the role of the supervisor and the other three are workers. The workers are denoted as "Worker A", "Worker B" or "Worker C". You will keep this name during the whole part.
Worker' s Task Each of the 8 rounds follows the same rules: the worker's task is identical to the task in the pre-round. She/he repeatedly has to identify the correct number of sevens in blocks of randomly generated numbers.
Each block correctly solved is worth 2 points. Each wrong answer is worth -0.5 points, which means that if you state a wrong number of sevens there will be a penalty of half a point.
The number of correct and wrong answers results in the worker's total points of the round. The minimum number of points per round is zero which means that one cannot get a negative result.
As in the pre-round the worker can always press the "time-out button". If this button is used the worker's screen is locked for 20 seconds. During this time he cannot enter an answer. The time for the round keeps running during the time-out. So the worker loses 20 seconds per time-out since she/he cannot work on a block during this time. Please note that you cannot take a time-out during the last 20 seconds of a round.
Supervisor' s Task
At the end of each round the supervisor gets to know the following for each worker in his group:
The number of blocks correctly solved The number of wrong answers The resulting number of points Then the supervisor rates the workers on a scale from 1 to 5, while 1 is the best (highest) and 5 is the worst (lowest) grade.
[Only FDS: Note: Each supervisor has to rate one of the workers with "1"or "2", another one with "3"and one with "4"or "5"after each round.] After the supervisor has completed her/his rating the workers get to know the following:
The number of tasks correctly solved and number of wrong answers by herself/himself and the other workers in the group
The resulting points The own rating (not those of the others) The own frequency of pushing the "timeout-button" The own payment for the round
